Introduction
During cerebral ischemia or cardiac arrest, the oxy gen and glucose supplies to the brain are severely reduced, resulting in an energy crisis.1 Energy deple tion causes irreversible tissue damage and thus the early restoration of blood flow is pivotal to reduce the injury; however, injuries are known to progress even after reperfusion.2 Lipid peroxidation in brain tissue occurs mainly during the post-ischemic reperfusion pe riod. Reactive oxygen species (ROS) are considered important mediators in reperfusion injury.3 Among the ROS, superoxide (O2-) is the principal reduction product of oxygen. Though relatively inactive itself, its metabolites, peroxynitrite and hydroxyl radi cal, are highly reactive and can cause tissue injury. 4, 5 Many previous reports have shown that O2-might play an important role in the progression of tissue injury during cerebral ischemia or reperfusion: brain injury was attenuated by superoxide dismutase (SOD) admin istration' and was suppressed in transgenic mice over producing SOD,7-14 while it was more severe in SOD deficient mice.15,16 Clarifying the temporal course of O 2 production is essential to understand the mecha nism of ROS-related reperfusion injury. However , the exact timetable of O2-production in cerebral ischemia and reperfusion in vivo remains unknown .
The of MCLA superfusion in the non-SOD and ischemia reperfusion groups. On the other hand, the baseline of the SOD-group was designated as the steady state after SOD superfusion. The value of photon counting at the baseline was assigned to 100% CL in the following analysis.
1) Anoxia-reoxygenation (n=25) a) Non-SOD group (n=19) Anoxia was induced by 100% nitrogen inhalation for 90 seconds and then followed by 40 minutes of re oxygenation with room air. b) SOD group (n=6) MCLA solution containing 1000 units/ml SOD (from Bovine Kidney, Sigma Chemical Co.) was superfused onto the cortical surface at a rate of 5.0ml/hour throughout the protocol. After 30 minutes of SOD superfusion, when the intensity of both the MCLA CL and 398-nm reflectance had stabilized , anoxia and reoxygenation were induced as in the non-SOD group .
2) Ischemia-reperfusion (n=8)
A 15-minute period of forebrain ischemia was in duced by occluding the bilateral common carotid ar teries. In addition, hypotension was induced by the withdrawal of venous blood (50 to 100ml) from the femoral vein so that the systolic arterial blood pressure was maintained at less than 50mmHg . The ischemia was then followed by a 30-minute reperfusion period . O 2-production in the feline cortex during anoxia reoxygenation and ischemia-reperfusion was success fully assessed.
Since gender difference in cerebral blood flow has been reported, 35-38 we used only male animals. SOD superfusion reduced the corrected MCLA CL to half of the basal level, indicating that superoxide is spontaneously produced in the steady state before the insult of anoxia/ischemia. Furthermore, because the membrane permeability of SOD is low, some part of the MCLA CL that was not suppressed by the SOD super fusion may arise from the intracellular space. A small part of basal MCLA CL may also arise from auto oxidation due to oxygen itself.
The MCLA CL increased within 20 minutes of reoxygenation and reperfusion. On the other hand, the increase in MCLA CL after reoxygenation was not demonstrated when SOD was superfused throughout the protocol. The SOD-induced suppression of the enhancement in CL during reoxygenation indicates that enhanced O2-production was the main cause of the increase in CL. Considering the low membrane permeability of SOD, this result also indicates that the enhancement in O2-production is likely to occur mainly in the extracellular space. Some investigators have studied the site of O2-production during reper fusion in a transient cerebral ischemia model using electron microscopic histochemistry and Karnovsky's Mn2+/diaminobenzidine (DAB) technique.39.40 Kontos et al. reported that O2-reaction products were pro duced during reperfusion primarily in the extracellular space around the blood vessels and that the products were eliminated by pretreatment with SOD super fusion. 39 Mori et al. reported that O2-reaction prod ucts were detected within the arteries, capillaries, and venular lumens during reperfusion.40 Furthermore, the extracellular space around blood vessels has been reported to be a possible site of ROS production in various organs. Suematsu et al. studied the site of ROS production in vivo; they found that ROS production occurred in rat mesenteric microvascular beds through an endothelium-granulocyte interaction using the CL technique41 and in hypoperfused rat liver utilizing using fluorescence technique.42 These findings are compati ble with our results obtained using the CL technique.
We found that O2-production decreased during anoxia and severe forebrain ischemia. The supply of O2 to the brain tissue is reduced during anoxia or severe forebrain ischemia, which may limit O2 production. Furthermore, Marklund et al. reported that the half-life of O2-becomes shorter as the pH level decreases. 43 Brain pH has also been reported to decrease during severe ischemia44-46 and cardiac arrest,47 which may cause the reduction in O2-concentration during anoxia or severe forebrain ischemia. 
